This article aims to highlight the positions of the Food and Drug Administration and the European Medicines Agency regarding use and marketing of hydroxyethyl starch (HES) products, and how these have changed over recent years. In 2013, warnings from both agencies advised against use of HES in critically ill patients, including patients with sepsis, when several large randomized controlled trials on volume resuscitation in critical illness failed to observe clinically beneficial effects of HES. In areas such as patient monitoring and requirements for further clinical trials, the FDA and EMA are very much in agreement in their recommendations. However, EMA guidance is generally more restrictive on HES usage compared to that from the FDA. Differences in data presented to regulatory authorities, bias in study results and inherent weakness of meta-analyses used for drug surveillance purposes, plus different risk-management approaches used by the two regulatory authorities, likely contribute to different outcomes in their regulations concerning use of HES.
Background
The Food and Drug Administration (FDA) and the European Medicines Agency (EMA) are two of the most influential drug regulatory authorities in the world, and are responsible for reviewing and regulating biomedical products and supervising clinical trials, marketing approvals, and risk-management processes. The FDA supervises these processes in the United States of America, whereas in the European Union this is overseen in a coalition of federal organisations that includes the EMA, the European Commission, and the national authorities of the member states. The EMA and FDA have different evaluation processes; therefore, despite the submission of identical clinical data supporting the same drug, the two bodies can come to different evaluations and conclusions [1] .
Purpose
This document aims to highlight the summary positions of the FDA and EMA regarding use and marketing of hydroxyethyl starch (HES) products, and how these have changed over recent years. HES is an artificial colloid used worldwide for volume resuscitation [2] . Regulatory decisions regarding HES are controversial [3] , partly due to use of meta-analyses for safety evaluations, which is known to be problematic [4] .
Method
Source information for this summary was retrieved from the FDA and EMA websites [5, 6] using the following general search terms: 'HES' , 'hydroxyethyl starch' , 'tetrastarch' , and 'hetastarch' , plus specific product names: Hespan, Hextend, Voluven and Tetraspan. An overview of events in HES usage between 2010 to present day is shown in Table 1 . Changes in regards to labelling and recommendations issued by the FDA and EMA, including dosage, indications, contraindications, adverse effects, [29] 2012 May Change to Voluven labelling to include increased frequency and duration of renal replacement therapy among Voluven patients and info on paediatric dosage (in response to CRYSTMAS study) [30] 2012 Sept Expert workshop set up by FDA to discuss HES products in light of recent data [27] 2012 Nov Article 31 referral received following concerns over safety of HES products -review conducted by PRAC [31] 2013 Jun PRAC recommends suspending marketing authorisations (MA) for all HES products and their use in all patient populations [32] 2013 Jun MA holders appeal against decision [32] 2013 Oct PRAC revises recommendation upon completion of review. HES solutions may continue to be used in restricted patient population and additional studies should be conducted [16] 2013 Oct CMDh endorses PRAC recommendations, decision sent to European Commission [16] 2013 Nov Addition of black box warning to product information regarding increased mortality and kidney injury in critically ill patients [28] 2013 Nov Additional warning about excessive bleeding needed in the Warnings and Precautions Section of the package insertconsidered a class effect [27] 2013 Nov Voluven label change: "Severe liver disease" added to contraindication due to data from CHEST trial [30] 2013 Dec EU-wide decision to allow HES product use in restricted patient population [16] 2014 Mar Revised product information formally issued across entire EU [16] 2014 Sept Additional precaution added to paediatric use section (Voluven) [33] 2014 Oct PASS protocol rejected by PRAC due to issues with the study design [34] 2015 Mar PASS protocol approved by PRAC [35] 2015 Jul Another PASS protocol rejected by PRAC due to inadequate sample size [36] Benefits of HES products in approved indications remain favourable. No changes to labelling or MA [36] 2015 Oct PRAC issued advice and recommendations (requested by EU member states) regarding submitted PASS protocols [37] 2015 Nov PASS protocol approved by PRAC [38] Current Two post-marketing commitments fulfilled (Voluven) [13, 39, 40] Routine surveillance using FAERS.
HES products listed under 'Medicines under additional monitoring' by EMA since 2013 as further PASS required and all data reviewed periodically (PSUR) Post-authorisation commitment to perform additional studies in patients with trauma and in elective surgery [16] MAH (Serum Werke Bernburg) HES products licence suspension for 1 year from Sept 2015 to Sept 2016 [41] warnings, precautions, and patient monitoring are summarized in Table 2 .
FDA and EMA policy changes
A key event in the regulation of HES occurred in 2013, when both agencies advised against its use in critically ill patients, including patients with sepsis. Several large randomized controlled trials (RCTs) on volume resuscitation in critical illness with low risk of bias failed to observe clinically beneficial effects of HES (for a review, see [7] ) and confirmed previous doubts regarding the safety profile of tetrastarches [8] . This included an association between colloid exposure and morbidity, including acute renal failure in various clinical settings [9] . Moreover, randomized trials and meta-analyses have demonstrated that HES increases the need of renal replacement therapy, including in surgical patients [10] , with tissue storage of HES cited as a likely mechanism of toxicity [11] . Publication of these and other pivotal studies led the FDA and EMA to instigate a review of HES product usage. In September 2012 the FDA convened a workshop with experts from academia, industry, and other relevant stakeholder to discuss the risks and benefits of HES products. Similarly, in November 2012, a review was opened by the EMA at the request of the German medicines agency, following concerns relating to the safety of HES products. During these reviews both agencies reviewed the data from RCTs, meta-analyses and observational studies, with a particular emphasis on 6S, CRYSTMAS (FDA only), CHEST and VISEP studies (EMA only) [12] [13] [14] [15] .
The outcome of these reviews led to several key regulatory decisions by the FDA and EMA, as outlined in Table 1 . These included the FDA issuing new safety information as a black box warning (Nov 2013), and the suspension and subsequent limitations of marketing and use of HES products in restricted patient populations by the EMA (June 2013; Oct 2013) [16] . In addition, the FDA and EMA also updated their guidance on dosage, indication, contraindication, adverse effects, warning, precautions and patient monitoring in relation to the use of HES products (Table 2) . Generally, the EMA restricts use of HES to a greater extent than the FDA. In areas such as patient monitoring and the requirement for further HES clinical trials, the FDA and EMA are very much in agreement; however, differences in contraindications are evident, which suggests that riskmanagement approaches used by the two regulatory authorities differ. The EMA oversees more than 60 HES products currently on the market within the EU and is required to work with each member states' regulatory authority; this added complexity can inherently result in more restrictive measures when compared to the FDA. For example, the FDA and EMA definitions of conditions can vary, such as for hypovolemia where the FDA definition is broad, whereas the EMA specify different types.
Data quality
Unpublished and misreported studies make it difficult for regulatory bodies to determine the true value of a treatment [17] . The CHEST trial [14] , a large-scale, randomised controlled trial to evaluate the safety and efficacy of 6% HES in ICU patients, erroneously misreported safety data on pruritus induced by HES vs. saline, which was considered serious enough by the editors of the NEJM that a corrigendum was published [18] . This may be significant because the true value of HES remains controversial [7, 19] and pruritus is among its known side effects [11] . Fresenius Kabi, a major manufacturer of tetrastarch and other HES products, as well as a funder of the CHEST trial, questioned the trial's reporting in the NEJM. The British Medical Journal finally published on the dispute between Fresenius Kabi and the CHEST investigators [20, 21] as part of the open data campaign [22] .
Regulatory authorities' risk-management approaches include thorough analyses of results from RCTs. Regarding regulatory summaries for HES, selective outcome reporting has previously been identified in publications of the CRYSTMAS and FIRST trials [23] . For example, in the CRYSTMAS trial, Fresenius Kabi was involved in the study design, analysis and preparation of the report [23] . Also, a meta-analysis of RCTs on use of HES for volume resuscitation in cardiac surgery concluded that, as compared to other volume resuscitation solutions, HES had no adverse effects on blood loss, transfusion requirements, and length of hospital stay [24] . The publication's addendum states that Fresenius Kabi presented 
Warnings and Precautions
Black box warning added to label in 2013 Avoid use in patients with pre-existing renal dysfunction Discontinue use of HES at the first sign of renal injury Avoid fluid overload; adjust dosage with cardiac or renal dysfunction
Restriction on patient population added to label in 2013 Only use HES during the first 24 hours of fluid resuscitation treatment Trauma and surgery: carefully weigh the expected benefit of treatment against the uncertainty of the the meta-analysis to the EMAs PRAC as part of obligations arising under Article 31 and to fulfil Article 107i of the process regarding the perioperative use of HES. In addition, the authors state that statistical analysis had been conducted by MARCO and had been provided by Fresenius Kabi [24] . The conclusion of lower blood loss with tetrastarch than with pentastarch from this study is attributable to publication bias, since an unpublished trial with higher blood loss and more frequent reoperation for bleeding after tetrastarch was omitted from this meta-analysis [24] . Conversely, it was included in a meta-analysis from 2012 [24] on the same indication, which found that HES products increase postoperative blood loss, need for blood product transfusions, and need for re-operations [25, 26] . Findings from the 2012 meta-analysis contributed to the FDA's decision to issue a security warning because of excessive bleeding as a class effect of all HES solutions (boxed warning for the use of HES [27] ). Incidentally, the tetrastarch manufacturer who commissioned the 2014 meta-analysis [21] had previously submitted the unpublished trial (study No. HS-13-24-EN in the 2012 meta-analysis [25] ) to the FDA in a New Drug Application. This observation supports the hypothesis that diverging summaries of the FDA versus the EMA may be based on different type and quality of data that drug manufacturers present to regulatory authorities.
Conclusions
A significant change to guidelines regarding use of HES for volume replacement was introduced in 2013 by both the FDA and EMA, warning of increased risk of death and renal injury and advising against use of HES in critically ill patients, including patients with sepsis. Both agencies have adopted a similar stance regarding HES usage, but the EMA restricts use to a greater extent. For example, the EMA warning also includes burn injuries as a contraindication, and includes additional advice stating crystalloids should be the first-line treatment; HES should be used only where crystalloids alone are insufficient, and only then for short periods of time.
In areas such as patient monitoring and the requirement for further HES clinical trials, guidelines from the FDA and EMA are generally in agreement. Slight variations exist regarding dosage recommendations, but the majority of HES products used in the USA are hetastarches, whereas in Europe tetrastarches appear to be predominant. Availability of data and materials All data used for analyses and conclusions are in the public domain and accessible.
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